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Aim
A new method of penumbral analysis is implemented which allows an unambiguous
determination of field size and penumbra size and quality for small fields and other non-
standard fields. Both source occlusion and lateral electronic disequilibrium will affect the
size and shape of cross-axis profile penumbrae; each is examined in detail.
Methods and materials
A method of quantifying field size and penumbra
To analysis the penumbra of a radiation beam, first the square of the derivative of the
cross-axis profile is plotted.
Fig. 1
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#D is change in dose across a distance #x , x cm away from the central axis. F(x)
represents the proposed profile analysis function. A typical schematic of this function is
displayed in figure 2. Two peaks can be seen at the location of the two field penumbrae.
- The spacing between the 2 peaks is used as a definition of field size.
Page 3 of 8
- The full-width-tenth-maximum of the peaks indicates the width of the penumbra.
- The sharpness of the penumbra can also be observed from the height of these peaks.
- Finally, the flattened area of the profile is indicated by the size of the trough between
the two peaks.
Penumbral analysis
Cross axis profiles were simulated in a 20 x 20 x 20 cm3 water phantom at a depth of 5
cm using DOSXYZnrc. Each voxel used to score dose was 0.5 mm x 0.5 mm x 2 mm.
The profiles were calculated in the direction set by the upper jaws for the following square
field sizes: 5 mm, 10 mm, 15 mm and 20 mm. The profile analysis function was calculated
for each profile using equation 1 (fig 1). From this function the field size and penumbra
size were calculated as described above. These parameters were also calculated using
the traditional definitions set out in IEC976 (field size = the distance between the two 50
% points on a cross axis profile; penumbra size = the distance between the 80 % and 20
% points on one side of a cross-axis profile) (1) for comparison.
The effect of source occlusion on the penumbrae was isolated by repeating the
simulations with the electron cut off value in the phantom set to 30 MeV, removing
electron transport.
The effect of electronic disequilibrium on the penumbrae was isolated by repeating the
simulations using an electron spot size (incident onto the target in the linear accelerator
model) of 0 mm.
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Fig. 2: Schematic of the proposed analysis function (F(x)) along with the proposed
radiation field definitions.
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Results
Table 1 displays the field size and penumbra size calculated using the proposed method
and the traditional IEC976 methods. All field sizes calculated using the traditional and
proposed methods agreed within 0.2 mm. The penumbra size measured using the
proposed method was on average systematically 1.8 mm larger than the traditional
method at all field sizes.
The profiles for a field size of 5 mm, with each penumbral effect isolated are displayed in
figure 3. Figure 4 shows the penumbral analysis function for the same profiles.
It can be seen from figure 3, and more clearly in figure 4, that the size of the source
had a larger effect on the size of the penumbra than did lateral electronic disequilibrium,
particularly at very small field sizes.
Table 1. Field size and penumbra size calculated using the IEC976 method and the
method proposed in this study.
Field size (mm) Penumbra (mm)
Nominal field
size (mm)
IEC976 Proposed
method
IEC976 Proposed
method
5 5.8 5.6 2.5 4.2
10 10.8 10.8 3.0 4.9
15 16.0 16.1 3.3 5.1
20 21.3 21.4 3.5 5.2
Images for this section:
Page 6 of 8
Fig. 3: The effect of source occlusion and penumbra on a cross-axis profile (depth = 5
cm) of a 5 mm field size. Variations shown in the legend.
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Fig. 4: The analysis function (F(x)) showing the effect of source occlusion and penumbra
on a cross-axis profile (depth = 5 cm) of a 5 mm field size. Variations shown in the legend.
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Conclusion
Traditional methods of calculating field size and penumbra are proved to be
mathematically adequate for small fields. However, the field size definition proposed in
this study would be more robust amongst other nonstandard fields, such as flattening
filter free.
Source occlusion plays a bigger role than lateral electronic disequilibrium in small field
penumbra size. The spot size therefore is an important consideration when using a linear
accelerator to produce very small fields.
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